
The Application of SW-846 Method 8261 to  Analytes Required in 
Superfund’s Current Statement of Work, SOM01.1.  Part One; 
Determination of Relative Volatility Values 
 
Michael H. Hiatt 
U.S. Environmental Protection Agency 
National Exposure Research Laboratory 
Environmental Sciences Division 
P.O. Box 93478, Las Vegas, Nevada 89193-3478 
 
 
 
Introduction 
 
Method 8261 provides analysis of problematic matrices, introducing novel quality tools 
including the determination of method performance by analyte in each analysis.  The method 
uses analyte chemical properties, boiling point, and relative volatilities to measure method 
performance as functions of these chemical properties.  Boiling point values for compounds are 
readily available in the literature but relative volatility values are unique to Method 8261. 
 
Relative volatility is a chemical engineering variable that compares water-to-air partition 
coefficients to describe the relative recoveries of compounds in a given distillate.  In the SW-846 
Method 8261 application of vacuum distillation, relative volatility is an experimentally 
determined constant that relates to the water-to-air partition coefficient.  The reader is 
encouraged to review the presentation, “An Overview of SW-846 Method 8261 Chemistry” 
(http://www.epa.gov/nerlesd1/chemistry/vacuum/training/pdf/theory-rev5.pdf) for a background 
discussion of relative volatility.  This process of determining relative volatility constants has 
been previously reported1.  This study is an extension of the earlier work.   
 
Relative volatility values have been experimentally determined for all Superfund volatile 
analytes from the current statement of work (SOW) with the exception of six volatile analytes 
identified in SOM01.1.  This study reports the determination of the relative volatility values for 
these six analytes so that they may be covered by Method 8261.  
 
Experimental 
 
Vacuum distiller:  A Cincinnati Analytical Instruments (Cincinnati, OH) vacuum distiller (CAI, 
Model VDC1012) performed the distillations in the study.  The operating conditions are 
presented in Table 1.  Vacuum distillation times were varied and the flush time was extended so 
that the vacuum distillation cycle time matched the GC/MS cycle time. 
 
 
 
 



Table 1.Vacuum Distillation Parameters 
Stage Time 

(min) 
Vacuum distillation  7.5 
Transfer  2.5 
Bake-out  2.5 
  
Temperature ºC 
Condenser heat 95
Condenser cool -10
Cryotrap desorb 120
Cryotrap trapping -160
Cryotrap bake-out 200
Transfer line 200
Vacuum distiller lines 95
Multiport valve 200
Autosampler lines 95
  
Decontamination   
Cycles 16
Pressurization time (min) 0.1
Evacuation time (min) 1.4
 
 
GC/MS Apparatus.  The vacuum distiller is interfaced to a GC/MS so that the vacuum distillate 
is transferred directly to the GC/MS for analysis after distillation.  In this study, the GC/MS was 
a Thermo DSQ mass spectrometer and Thermo Trace GC.  The GC capillary column was a 30-m 
x 0.25-mm i.d., 1.5-μm film VOCOL column (Supelco, Bellefonte, PA).  The GC operating 
conditions were 2.5 min at -20EC, 40EC/min ramp to 60EC, 5EC/min ramp to 120EC and held at 
120EC for 1 min, 20EC/min ramp to 220EC and held for 12 min, resulting in a GC run time of 34 
min.  The injection was split 30:1 with a constant flow rate of 1.4 ml/min.  The mass 
spectrometer was scanned between 35 and 300 amu at 1 scan/sec. 
 
Sample Preparation and Analyses.  A 5-mL water sample was fractionally distilled to obtain a 
set of distillates.  The water was spiked with approximately 250 ng per compound (see Table 2).  
Seven water samples were distilled to obtain seven sets of fractional distillates.  The first 
distillate in each set was obtained by distilling for 6 seconds.  The second and third distillates in 
each set were obtained by distilling the water for 2 minutes.  The last two distillates in each set 
were obtained by distilling the samples for 7.5 minutes. 
 
 
 
 
 
 



Table 2.  Relative Volatility Reference Standards and New CLP Analytes 

Compound Amount (ng) Relative Volatility 

Relative Volatility Reference Standards   

hexafluorobenzene 250     0.86 

benzene-d6 250   4.0   

o-xylene-d10 250     6.14 

1,2-dichloroethane-d4 250                      20   

ethylacetate-13C 2500                    150 

acetone-13C 3100                    600 

dioxane-d8 2400                  5800 

 pyridine-d5 12500                15000 

Study Analytes 

1,1,2-trichloro-1,2,2-trifluoroethane 250

methyl acetate 250

carbon disulfide 250

methyl tert-butylether (MTBE) 250

cyclohexane 250

methyl cyclohexane 250
 
 
 
Study Approach.  The six study analytes and the reference standards are spiked into 5 mL of 
water.  By performing a series of fractional distillations on the water, we obtain distillates which 
are then analyzed for the study compounds.  Determining what portion of each compound is in 
each distillate provides the data necessary to determine relative volatility.  The compounds that 
have low relative volatility values, like hexafluorobenzene, are easily distilled from water and 
will be completely recovered in the early distillates and will not be detected in the last distillate.  
Compounds that have a strong affinity for water, like pyridine, will be far less recovered in the 
early distillates and will have a greater fraction in the later distillates.  Therefore, comparing the 
fractional recovery of a compound of unknown relative volatility to the fractional recoveries of 
the reference standards allows the interpolation of relative volatility.  For instance, if the fraction 
of a compound in a distillate lies between the fractions for hexafluorobenzene and benzene-d6, 
we would know the compound’s relative volatility would be between 0.86 and 4.   Repeating the 
fractional distillation sets allows the determination of a compound’s relative volatility value 
numerous times, therefore generating a confidence interval.   
 



Results and Discussion 
 
The first part of this study was to determine how many times the mixture of reference standards 
and analytes would be distilled and how long each distillation should take.   For instance, if we 
distilled a sample so long that all of the analytes and reference standards were completely 
transferred to the distillate, there would be no way to determine the effects of relative volatility.  
The challenge would be to determine a series of distillations where the relative volatilities of the 
compounds being studied are easily measured.   
 
Before proceeding a convention must first be addressed.  Notice in Table 2 that the most volatile 
reference standard, hexafluorobenzene, is 0.86.  Determination of relative volatility values less 
than 0.86 would not be bracketed by another reference standard so any value would need to be 
extrapolated.  Therefore we introduce a hypothetical “ideal” reference standard that is close to 
zero (it has no affinity for water) and no matter what the distillation conditions are, 100% is 
always recovered in a distillation.  Actually we use the value ‘0.01’ instead of zero, as zero can 
cause problems when evaluating natural logarithms (a useful transform) of relative volatility.  
Therefore, with this convention, compounds more volatile than hexachlorobenzene are flanked 
by the internal standard hexafluorobenzene and the ideal reference standard with relative 
volatility of 0.01. 
 
Figure 1 displays the recoveries of the reference standards in a distillate.  The data points in the 
line from left to right are the reference standards, starting with the ideal standard, then 
hexafluorobenzene, benzene-d6, o-xylene-d10, 1, 2-dichloroethane-d4, ethyl acetate-13C, acetone-
13C, dioxane-d8 and pyridine-d5.  By connecting all of the points, a line is made that describes 
how compounds are recovered in the distillate as a function of their relative volatility values.  
Therefore if we can measure the fraction of a compound in the distillate, we can interpolate its 
relative volatility value as long as the recovery lies between 33% and 100%. 
 



 
Figure 1.  Recovery compared to ln (relative volatility) 
 
 
But the confidence that we are able to interpolate a relative volatility value varies along the line.  
Note in Figure 2 that the relative volatility effects between the 5th and 6th reference points 
(bracketed with parallel yellow lines) are easily observed being that there is more than an 
absolute 20% difference in their recoveries.  The relative volatility effects between the 2nd and 3rd 

reference standards are not so easily distinguished.  If there was a 5% error measuring a recovery 
in this range (86 to 90%), assigning a relative volatility value would be imprecise. 
 



 
Figure 2.  Line segments showing both little (red) and large recovery differences (yellow) 
 
 
 
 
Therefore, setting up the distillation sequence depends on the compounds that are being 
evaluated for relative volatility values.  If the compounds are very volatile (have low relative-
volatility values less than hexafluorobenzene), then the initial distillations will be performed for 
very short periods so that the recovery of hexafluorobenzene will be lower than usual (>95%).  
By making hexafluorobenzene recovery <90%, it is easier to distinguish relative volatility values 
lower than that for hexafluorobenzene.   One criterion in developing a distillation sequence is 
that the recovery range between reference standards (bracketing the compounds being 
investigated) be greater than 10%.   
 
One more distillation phenomenon needs to be addressed.  The first seconds of a vacuum 
distillation carries all of the air contained in the sample vessel.  This rush of gas causes the 
efficiency of the cryotrap to drop drastically (Figure 3).  Therefore compounds that are in the 
headspace in the first seconds are not trapped as efficiently as they are after the initial seconds.  
This is not a problem normally, but when investigating the performance of the most volatile 
compounds, the change in efficiency can confound the comparison of the first distillation with 
later distillation for recovery calculations.  For this reason, the first distillation is for only a six-
second duration to remove air; the response of compounds in this earliest distillate are not used 
in determining relative volatility values. 
 



    
Figure 3.  Cryotrap trapping efficiency as a function of boiling point for Method 8261 analytes1 
 
Initial experiments found that the CLP analytes being investigated fell into three relative 
volatility ranges; a value less than 0.86 (hexafluorobenzene), a value between 20 and 150 (1, 2-
dichloroethane-d4 and ethyl acetate-13C), and a value between 150 and 600 (ethyl acetate-13C and 
acetone-13C).  Table 3 presents the groupings.  Therefore the next step in this study was to 
determine a series of distillations that gave at least a 10% recovery difference between the 
reference standards bracketing the three ranges.  The set of distillations that provided acceptable 
results consisted of 5 distillations with distillation times of 6 sec, 2 min. 2 min, 7.5 min, and 7.5 
min distillation times.  The response of each compound in the second distillation (first 2 min 
distillation) was compared with the sum of responses for the second through the last distillation 
to provide recovery.  Figure 1 demonstrates the calculated recovery of the reference standards 
from the final distillation sequence. 
 
 
Table 3. Relative volatility reference standards and related analytes 
Internal Standard Pairs Relative Volatility Range Study Analytes 

0.01 to 0.86 1,1,2-trichloro-1,2,2-trifluoroethane hexafluorobenzene and 
“ideal”  carbon disulfide 
  cyclohexane 
  methyl cyclohexane 
1,2-dichloroethane-d4 and 

ethyl acetate-13C 

20 to 150 MTBE 

ethyl acetate-13C and 
acetone-13C 

150 to 600 Methyl acetate 

 



Calculation of Relative Volatilities 
 
There were seven replications of the distillation sets performed on four days.  For each set, the 
response of the analytes in the second distillation was compared with the sum of their responses 
for the second distillation through to the last distillation (the fifth).  As reported previously, the 
relationship of recovery to the natural logarithm of relative volatility is ideally a straight line1.  
Therefore the pairs of relative-volatility reference standards that bracket the individual analytes 
were used to define a straight line (y-axis recovery and x-axis the natural logarithm of relative 
volatility) that would then be used to determine the relative volatility of analytes.   
 
Figure 4 illustrates the calculations that were performed in a spreadsheet reducing GC/MS 
analyte responses to relative volatility values.  The recoveries were determined as the sum of 
responses across a row (columns C through F) and are presented in column J.  The red rectangle 
in Figure 5 identifies the relative volatility reference standard responses that were used to 
determine line 1 (blue rectangle, Figure 4).  Note that the first distillation (0.1 min) was not used 
in the calculations.   
 
In Figure 4, the line described in the blue box (slope in cell M14 and intercept in cell M15) was 
then used to determine the relative volatility for methyl acetate as its recovery fell between the 
recoveries of the reference standards making line 1.  The brown rectangle displays the ln 
(relative volatility) value in column L and relative volatility in column M.   
 
Line 2 (slope in cell O14 and intercept in cell O15) was solved using the 1, 2-dichloroethane-d4 
and ethyl acetate-13C reference standards.  This line was used to determine the relative volatility 
value for MTBE.  Line 3 (slope in cell Q14 and intercept in cell Q15) was using the “ideal” and 
hexafluorobenzene reference standards.  This line was used to calculate the values for the 
remaining analytes.  This process was repeated for each compound in each of the seven 
distillation sets. 



 
Figure 4.  Spreadsheet determination of relative volatility 
 
One observation was that the pair of reference relative volatility values describing the most 
volatile compounds was not always used.  This was due to the fact that the recovery of 
hexafluorobenzene approached 100% for a given distillation and not 90% as was desired.  When 
this occurred, the slope of the line connecting the points for the ideal reference standard (relative 
volatility 0.01 and recovery 100%) and hexafluorobenzene (relative volatility of 0.86 and 
recovery near 100%) became negligible and interpolation along the resulting line became 
unreliable.  For this reason, whenever the recovery of hexafluorobenzene for the second 
distillation of a set was greater than 90%, that set was not used in the determination of relative 
volatilities less than hexafluorobenzene.   
 
The summary of the calculated relative volatility data is presented in Figure 5.  The green 
rectangle contains the average of the accepted relative volatility values that were determined 
over the seven distillation sets.  The data that was rejected because the recovery difference 
between the “ideal” and hexafluorobenzene was less than 10% is displayed in the red rectangle 
in Figure 5. 
 
 



 
Figure 5.  Summary of results for the seven distillation sets 
 
 
Conclusion 
 
The compounds that had not been evaluated for Method 8261, but contained in Superfund’s 
analyte list, are found to be quite volatile and easily vacuum distilled.   
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